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Abstract: Roads modify the landscape and act as a barrier to fauna movements between habitat patches, 
which may cause changes in mammals’ diet. Our objective was to analyze the food items found in stomach 
contents and which trophic categories are most abundant in roadkilled mammals of northern Rio Grande do 
Sul state. We analyzed 50 stomachs of 18 species collected from 2008 to 2010 and 2015 to 2017, belonging to 5 
trophic categories: Omnivores (9 species), Carnivores (5 species), Herbivores (2 species), Myrmecophagides 
(1 species) and Piscivores (1 species).  Our results suggest that roadkilled mammals utilized a wide range 
of trophic categories, in which half of the species recorded here presented omnivorous habits and are 
categorized as generalist species.
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Throughout the centuries, the Brazilian Atlantic 
Forest has been severely converted into settlements, 
such as agricultural lands and urban centers, in 
such a way that these areas with large impacts 
overlap with the most defaunated areas of this 
biome (Bogoni et al. 2018). The massive expansion 
of roads, which connects these urban and rural 
centers, is related with an increase of animal-
vehicle collision, contributing to biodiversity 
reduction (Abra et al. 2019, Seiler 2001, Cáceres 
2011) and might be considered one of the main 
current causes of vertebrate mortality in the world 
(Forman & Alexander 1998, Van Der Ree et al. 
2011). Furthermore, roads can also act as a barrier 
to mammal movements between habitat patches, 
which may hamper the access to some food 
resources (Seiler 2001, Cáceres 2011). Since medium 
and large sized mammals cover long distances 
daily, these animals are constantly vulnerable to 
risks offered by roads (Seiler 2001, Cáceres 2011). In 
landscapes where native vegetation is reduced and 
fragmented, such as the northern of Rio Grande do 
Sul state, these risks offered by roads might become 
worse.
Such landscape configuration may alter the 
patterns of habitat use by fauna, as well as the 
availability of habitat resources, and may culminate 
in the insertion of non-usual food items in these 
animals’ diet (Seiler 2001, Cáceres et al. 2002, 
Tumeleiro et al. 2006, Rocha et al. 2008, Driscoll et 
al. 2013).  In this way, feeding habits of mammals 
may become an important issue, considering 
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that predators in terrestrial ecosystems may limit 
populations of their prey that could become over 
abundant (Johnson et al. 2007) and affect vegetal 
community regeneration (Juarez & Marinho-Filho 
2002, Pimentel & Tabarelli 2004, Gatti et al. 2006). 
Furthermore, the knowledge of the feeding habits 
of the animals might help to prepare conservation 
strategies of mammals and its habitat (Abreu et al. 
2010). For roadkilled mammals from Northern Rio 
Grande do Sul state, Brazil (see Hegel et al. 2012), 
there are not much data available regarding their 
diet (Redford 1986, Sikes 1990, Cáceres 2002, Alves-
Costa et al. 2004, Tumeleiro et al. 2006, Rocha et al. 
2008, Abreu et al. 2010), with information coming 
mainly from other countries database (e.g. M. 
coypus in Guichón et al. 2003, Wisley et al. 1991, and 
Marini et al. 2013). 
The objective of this study was to make a 
description of the food items of roadkilled mammals 
of the northern Rio Grande do Sul state, and to 
assess how frequent those items are consumed 
by the species and guilds. This information could 
assist future efforts to protect wild animals with 
the development of protocols for collecting 
information of diet from roadkilled species. 
The northern Rio Grande do Sul state was 
originally covered by Mixed Ombrophilous Forest, 
an Atlantic Forest biome’ phytophisionomic 
formation (Quadros & Pillar 2002). Currently, the 
main economic activity in the region is agriculture 
and the native vegetation patches are severely 
reduced and fragmented, bordering croplands, 
urban settlements, and roads. 
We used stomach contents obtained from the 
roadkilled mammals. The stomach contents were 
removed from the stomach’ carcasses, preserved in 
a mixture with 10 % formaldehyde and 70 % alcohol, 
and deposited in Coleção Anexa de Mamíferos da 
Universidade de Passo Fundo (CAMUPF), in Passo 
Fundo, Rio Grande do Sul state, Brazil (Appendix 
1). The specimens came from intercity roads and 
highways from the northern Rio Grande do Sul 
state, mainly from RS-135, BR-153, and BR-285 
(Figure 1), collected from 2008 to 2010 and from 
2015 to 2017. The specimens deposited in the 
scientific collection between 2008 and 2010 were 
collected during a previous study (see Hegel et al. 
2012), while the specimens deposited between 
2015 and 2017 were taken by the local citizens. 
A total of 50 stomach contents were 
macroscopically analyzed. The items were 
identified using stereomicroscope, specialized 
Figure 1. Location of the main roads where the study was performed, in the northern Rio Grande do Sul 
state, Brazil.
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bibliography (Lorenzi 1992, Rafael et al. 2012), and 
consults with experts. We determined vertebrate 
animals partially digested at the class, order and 
species taxonomic levels when possible. The items 
were classified in seven categories: plants, human 
food, milk, insects, birds, rodents and snakes. We 
identified the roadkilled animals based on their 
current geographical distributions and followed the 
descriptions in Oliveira & Cassaro (1997), Reis et al. 
(2011), and Patton et al. (2015). Recent taxonomic 
reviews were adopted, including information on 
the genera Leopardus (Nascimento & Feijó 2017; 
Espinosa et al. 2018), Galictis (Poo-Muñoz et al. 
2014) and Dasypus (Feijó et al. 2018).
 We estimated the proportion of food items 
mammals consumed by calculating the frequency 
of occurrence (FO) of each item for each species. 
To this end, we divided the number of times a given 
food item was present by the total of items found 
in the stomachs. Species were grouped in trophic 
categories, adapted from Dotta & Verdade (2007) 
and Paglia et al. (2012), as follows: Omnivores (O), 
Carnivores (CA), Herbivores (H), Myrmecofages 
(M), and Piscivores (P). The trophic category of each 
species was defined based on Paglia et al. (2012). 
The species classified as Insectivore/Omnivore, 
Carnivore/Omnivore, and Frugivore/Omnivore by 
Paglia et al. (2012) were grouped in the Omnivores 
category.
We registered eighteen roadkilled species 
that belong to five trophic categories (Table 1). 
Omnivores are represented by nine species (50 
% of the species), carnivores are represented by 
five species (27.7 % of the species), herbivores are 
represented by two species (11.1 % of the species), 
and myrmecophages and piscivores are represented 
by one species each (each one representing 5.55 % 
of the species).
Seven different types of food items were recorded 
among the trophic categories (Table 1). Plants were 
the most consumed item, appearing in all the 
trophic categories, being ingested by 32 individuals 
(belonging to 14 species), and representing 64 % of 
occurrence within all individuals. Among plants, 
we found parts of roots, seeds, fruits, leaves, and 
stems. 
Within omnivores, the most consumed item 
was plants, appearing in eight species, followed by 
insects (six species) and birds (two species). The 
other items registered in this trophic category only 
appeared in one species. Within carnivores, the 
most consumed item was rodents (four species), 
followed by birds and plants (both consumed by 
two species). Insects were consumed by only one 
species, within the carnivores. Herbivores and 
piscivores consumed essentially plants, and the 
only myrmecofage species fed both on plants and 
insects (Table 1).  
Cerdocyon thous and D. novemcinctus showed 
a diversified diet, both omnivores and with five 
types of food items. Cerdocyon thous fed on rodents 
(38.89 %), plants (33.33 %, especially Hovenia 
dulcis – Rosales, Rhamnaceae), insects (16.67 %), 
birds (5.56 %) and snakes (5.56 %). Among the 
plants consumed by the canid, there was also Vitis 
sp. (Vitales, Vitaceae). Considering that Vitis sp. 
was introduced in the country by humans and it 
is cultivated in rural areas (Klock et al. 2011), the 
consumption of this plant might illustrate the 
search for alternative food resources in human-
modified areas. In another study on roadkilled 
animals performed in Rio Grande do Sul, C. thous 
also showed diet composed by rodents (100 %), 
arthropods (66.6 %) and seeds (33.3 %) (Tumeleiro 
et al. 2006), and for the Paraná state it was reported 
for this species a large consumption of H. dulcis (30 
%) (Rocha et al. 2008), probably associated with the 
high availability of this fruit in the environment. 
In this way, the feeding habits of C. thous might 
be opportunistic by ingesting non-native species, 
being capable of adapting its diet according to 
what is available in the environment (Motta-Junior 
et al. 1994, Rocha et al. 2008). Cerdocyon thous 
was the only species present in the study that 
fed on snakes, a pattern already described in the 
literature (Rocha et al. 2008). Thus, in addition of 
being a seed disperser (Motta-Junior et al. 1994), 
the consumption of snakes and rodents shows 
that this species may also perform an important 
ecological/sanitary role by controlling urban 
plague populations (Bueno & Motta-Junior 2004, 
Pedó et al. 2006, Abreu et al. 2010).
In D. novemcinctus, we found plants (50 %) and 
insects (25 %, coleopterans). A young individual 
presented greasy substance resembling milk 
(25 %, Table 1). The species is described as 
feeding on roots and tubers, insects, fruits, small 
invertebrates and fungi (Deutsch & Puglia 1990), 
with a very opportunistic diet (Redford 1986, Sikes 
1990). For the other armadillo species presented in 
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this study, all classified as Omnivores, Euphractus 
sexcintus stomachs presented only insects (40 %, 
coleopterans) and plants (60 %), while Dasypus 
septemcintus was the only species in this study 
that fed exclusively on insects (100 %, Table 1).
The main orders of insects recorded in 
this study among Omnivores, Carnivores 
and Myrmecophages trophic categories were 
Coleoptera, Hymenoptera, Lepidoptera, and 
Orthoptera, in this order of importance. The only 
roadkilled mammal that fed on Hymenoptera 
was T. tetradactyla, with the ingestion of ants 
(juvenile and adults) and termites. Non identified 
individuals from the family Gryllidae (Orthoptera) 
were consumed only by L. gymnocercus 
(representing 25 % of the items consumed by this 
species), while Lepidoptera was present only in 
the stomach contents of N. nasua, which had a diet 
composed by insects in 66.67 % of the analyzed 
samples (Table 1).
In N. nasua and L. gymnocercus, we also 
recorded the consumption of native fruits (33.33 
% and 50 %, respectively). Nasua nasua fed on 
guamirim (Myrcia sp. – Myrtales, Myrtaceae) 
and alligator apple (Annona sp. – Magnoliales, 
Annonaceae), while L. gymnocercus showed 
the consumption of butia (Butia sp. – Arecales, 
Arecaceae). The ingestion of native fruits suggests 
the importance of N. nasua and L. gymnocercus 
in the dispersion of native seeds, especially in 
reduced and fragmented areas, where larger 
herbivores tend to be less frequent (Alves-Costa et 
al. 2004, Varela et al. 2008). Leopardus wiedii and 
L. pardalis fed exclusively on rodents, including a 
porcupine (Coendou villosus) in the latter species. 
Leopardus guttulus ingested rodents and birds 
(Table 1).
Myocastor coypus was registered feeding 
on corn seeds (Zea mays – Poales, Poaceae) 
(Table 1), and the species is described as feeding 
Table 1. Food items and trophic category (Paglia et al. 2012) from roadkilled mammals in northern Rio 
Grande do Sul state, Brazil. N = total number of analyzed individuals; F = number of stomachs per species 
containing the food item; N.I. = non identified items; F.O. (%) = food items’ frequency of occurrence).
Trophic Categories/Species N F Food Item Description of items F.O. (%)
Omnivore          
Cerdocyon thous (Linnaeus, 1766) 10
1 Birds N.I. 5.56%
7 Rodents N.I. 38.89%
6 Plants Vittis sp., Hovenia dulcis, 33.33%
plants N.I.
3 Insects Coleopterans and larvae N.I. 16.67%
1 Snakes Tomodon sp. 5.56%
Lycalopex gymnocercus (G. Fischer, 
1814) 2
1 Rodents N.I. 25%
2 Plants Butia sp., plants N.I. 50%
1 Insects Gryllidae family 25%
Nasua nasua (Linnaeus, 1766) 5
1 Plants Myrcia sp., Annona sp. 33.33%
4 Insects Lepidopteran larvae, 66.67%
larvae N.I., insects N.I.
Procyon cancrivorus (G. Baron 
Cuvier, 1798) 1 1 Plants Seeds N.I. 100%
Didelphis albiventris Lund, 1840 1
1 Plants Tomato skin 50%
1 Human Bread pieces 50%
food
Dasypus novemcinctus Linnaeus, 
1758 3
2 Plants N.I. and seed endocarp 50%
1 Insects Coleopterans and pupae N.I. 25%
1 Milk N.I. 25%
Table 1: Continued on next page...
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Trophic Categories/Species N F Food Item Description of items F.O. (%)
Dasypus septemcinctus (Desmarest, 
1804) 1 1 Insects N.I. 100%
Euphractus sexcintus (Linnaeus, 
1758) 3
3 Plants N.I. 60%
2 Insects Coleopterans N.I., insects N.I. 40%
Myocastor coypus (Molina, 1782) 4
4 Plants Roots, grasses, plants N.I., 100%
 corn seeds
Total of individuals: 30
Carnivore          
Galictis cuja (Molina, 1782) 2
1 Birds N.I. 25%
1 Rodents N.I. 25%
1 Plants N.I. 25%
1 Insects Larvae N.I. 25%
Herpailurus yagouaroundi (É. 
Geoffroy Saint-Hilaire, 1803) 1 1 Plants Seeds N.I. 100%
Leopardus wiedii (Schinz, 1821) 2 2 Rodents N.I. 100%
Leopardus  guttulus (Hensel, 1872) 3
1 Birds N.I. 25%
3 Rodents N.I. 75%
Leopardus pardalis (Linnaeus, 1758) 1 1 Rodents Coendou villosus 100%
Total of individuals: 9
Herbivore          
Cavia aperea Erxleben, 1777 4 4 Plants N.I. 100%
Coendou villosus (F. Cuvier, 1823) 4 4 Plants N.I. 100%
Total of individuals: 8
Myrmecophage          
Tamandua tetradactyla (Linnaeus, 
1758) 2
1 Plants Seeds N.I. 33.33%
2 Insects Hymenopterans, coleoptean 66.67%
 larvae and pupae N.I.
Total of individuals: 2
Piscivore          
Chironectes minimus 
(Zimmermann, 1780) 1 1 Plants Leaves N.I. 100%
Total of individuals: 1        
Table 1: ...Continued
preferably on aquatic plants (Borgnia et al. 2000, 
Guichón et al. 2003, Colares et al. 2010). However, 
the consumption of terrestrial plants has been 
observed for the species when aquatic vegetation 
is scarce (Prigioni et al. 2005). A great part of the 
wetlands shown in our study area is surrounded by 
agricultural lands, especially corn and soybean, 
which might explain the presence of corn in the 
individuals’ stomach contents. Furthermore, 
in Italy, Europe, the species has already been 
reported feeding on croplands (Panzacchi et al. 
2007).
Didelphis albiventris showed non-usual 
items on its diet, such as pieces of bread and 
tomato skin (Solanum lycopersicum - Solanales, 
Solanaceae). These items were highlighted among 
the fragments of leaves and stems presented in 
the stomach sample, showing the species’ search 
for food in periurban environments. Didelphis 
albiventris is a generalist species (Lessa & Geise 
2010, Silva et al. 2014) that adapt easily to human 
presence (Silva et al. 2014) and therefore, may have 
been favored in this habitat, complementing its 
diet with food remains found in garbage cans or 
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streets (Cáceres 2002).
In reduced and fragmented landscapes, natural 
habitats are normally small sized patches, and 
movements among patches for reproduction of 
feeding purposes can turn species more vulnerable 
to vehicle collision (Cáceres 2011). Non-native 
plants and/or crops might become the most 
available food source in the environment, which 
may cause (1) the isolation of more sensitive species 
in the natural patch, since these animals will not be 
able to cross the matrix (Chiarello 1999, Andrade-
Núñez & Aide 2010, Cáceres et al. 2010, Driscoll 
et al. 2013); or (2) cause adaptations in the diet of 
more generalist/opportunistic species, through the 
partial replacement of native vegetation for non-
usual items (Duarte et al. 2012). This might also 
lead herbivores that partially feed on cultivated 
plants to disperse non-native seeds within natural 
patches (Panter & Dolman 2012). If the plant 
species dispersed is able to germinate in the natural 
patches and have some invader characteristics, 
they may change plant composition of that patch, 
decreasing the availability of native plants (Panter 
& Dolman 2012). 
Although our data is limited by the methodology 
used, it shows an overview of the current situation 
regarding the diet of small and medium-sized 
roadkilled mammals of Rio Grande do Sul state, 
southern Brazil. Our results suggest that the 
heterogeneous landscape in the study area 
probably supports mostly generalist species, as half 
of the species presented omnivore habits (Dotta 
& Verdade 2007). In this way, information about 
mammals’ diet is important to contribute to the 
knowledge on the natural history of these species 
and to help creating conservation strategies, 
mainly in areas where there is constant human 
disturbance. 
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APPENDIX
Appendix 1. Voucher numbers of stomach contents of the species used in the Attached Mammal Collection 
of the University of Passo Fundo (CAMUPF), Rio Grande do Sul state, Brazil.
Carnivora: Cerdocyon thous: CAMUPF 0002, CAMUPF 0005, CAMUPF 0006, CAMUPF 0024, CAMUPF 0031, 
CAMUPF 0033, CAMUPF 0035, CAMUPF 0039, CAMUPF 0040, CAMUPF 0041. Galictis cuja: CAMUPF 
0009, CAMUPF 0013. Herpailurus yagouaroundi: CAMUPF 0021. Lycalopex gymnocercus: CAMUPF 0008, 
CAMUPF0016. Leopardus wiedii: CAMUPF 0044, CAMUPF0048. Leopardus guttulus: CAMUPF0001, 
CAMUPF0015, CAMUPF 0049. Leopardus pardalis: CAMUPF 0042.  Nasua nasua: CAMUPF 0022, CAMUPF 
0023, CAMUPF0037, CAMUPF0046, CAMUPF 0051.  Procyon cancrivorus: CAMUPF 0038. Cingulata: 
Dasypus novemcinctus: CAMUPF 0028, CAMUPF0034, CAMUPF 0043. Dasypus septemcintus: CAMUPF 
0045. Euphractus sexcintus: CAMUPF 0007, CAMUPF 0017, CAMUPF 0018. Didelphimorphia: Chironectes 
minimus: CAMUPF 0047.  Didelphis albiventris: CAMUPF 0050. Rodentia: Cavia aperea: CAMUPF0012, 
CAMUPF 0014, CAMUPF 0019, CAMUPF 0027.  Coendou villosus: CAMUPF 0010, CAMUPF 0020, CAMUPF 
0029, CAMUPF 0030. Myocastor coypus: CAMUPF 0003, CAMUPF 0004, CAMUPF 0011, CAMUPF 0032. 
Pilosa: Tamandua tetradactyla: CAMUPF 0025, CAMUPF 0026.
